Introduction: The objective of this two-arm split-mouth randomized trial, was to evaluate the ability of fluoride-releasing resin composite to prevent demineralization and white spot lesion (WSL) formation, during orthodontic treatment with fixed appliances. Methods: Patients needing comprehensive orthodontic treatment were randomly allocated into two groups, according to the half split-mouth technique. This trial examined a total of 300 teeth in each group: the control group, in which brackets were fixed with a non-fluoride-containing adhesive resin; and the intervention group, in which brackets were fixed with a fluoride-containing adhesive resin. Eligibility criteria included Class I malocclusion in the permanent dentition, adequate oral hygiene and no missing teeth, active caries, enamel demineralization, fluorosis staining, or heavy restorations. The primary outcome was the formation of WSLs. Randomization was achieved using a computer-generated random number table; blinding of the patients, assessor, orthodontist and data analysist were achieved. The patients were followed for twelve months, during which time their teeth were checked every three months. To investigate the differences in frequencies and ranks of demineralization and WSL formation between the two groups, odds ratios were computed using mixed modelling (to compensate for the clustered nature of the data) with intervention as a fixed effect and patient as a random effect. Results: Thirty-four patients (ages, 13-25 years; mean age, 17.6) were randomized into a 1:1 ratio, though four patients dropped out before the start of the treatment. The percentage of the teeth showing the effects of demineralization and WSL formation, increased from 6.3% to 15% for the control group after three and twelve months, respectively, and from 3% to 16.3% for the study group, after three to twelve months, respectively. There were no significant differences between the two groups and no interaction between time and treatment group in the visual inspections (OR 0.79; 95% CI 0.52, 1.21), in DIAGNOdent examinations (OR 0.68; 95% CI 0.43, 1.06), or in photographic images (OR 0.72; 95% CI 0.46, 1.11). No serious harm was observed during the trial. Limitations: This trial was a single-centre trial, and treatment was carried out by one orthodontist. Conclusions: Fluoride-containing resin adhesive does not have the desired preventive effect to prevent demineralization and WSL formation, during orthodontic treatment with fixed appliance.
Introduction
Enamel demineralization during orthodontic treatment is a severe complication. Encouraged by carious demineralization, white spot lesions (WSLs) can occur on the flat area of a tooth; these are milkywhite opaque spots; zones of spongy external enamel (1) . White spot lesions are more common in patients with fixed orthodontic appliances, than in those without such appliances. While they infrequently result in the advancement to caries, they can cause aesthetic problems, even years after the end of treatment (2) .
The increased danger of developing WSLs throughout orthodontic treatment is the result of an increased accumulation of plaque around the brackets (3) . The WSLs can be stopped by thorough and habitual methods of maintaining good oral care, dropping dietary carbohydrate consumption, and by using fluoride-containing dental care materials. The benefit of fluoride usage has been adequately verified, and there are numerous means of its application, such as oral rinses, gels, pastes and varnishes (4) (5) (6) . These approaches, however, need a high level of patient vigilance to be effective (7) . Both patients and orthodontists have the same observations of WSLs; it is considered that patients are primarily responsible for their commencement (8) , due to the patients' failure to practice adequate oral hygiene, particularly in these areas (9) . Improvement of WSLs after orthodontic treatment was found to be associated with several factors including age of patient, duration of orthodontic treatment, tooth type, and frequency of brushing (10) .
Although multibracket appliances are crucial for difficult tooth movements, they also impede oral hygiene; as their components, like brackets, bands, elastomeric, archwires (and other parts), cause food to gather around them and biofilms to develop (2, 11, 12) . Longterm orthodontic treatment causes aggregate risk of WSL formation (11) by way of these factors, seriously risking dental health. Orthodontists need to inhibit this progress by offering complete, robust and sound advice and encouragement on oral hygiene. The hazard of WSLs can be reduced in patients who adhere to a precise timetable of brushing their teeth several times every day.
A number of preventative tools exist for this purpose: fluoridecontaining mouthwashes, for instance, have been recommended for everyday use (13, 14) . These tools, however, have to be used properly to exploit their effect. One alternative approach to prevent WSL formation is the use of dental varnishes, in addition to the preventive effect of adhesive which had investigated in vitro (15) (16) (17) (18) and in vivo (19, 20) studies. This method does not require full compliance from the patient and is known to efficiently and effectively reduce WSL formation (21) (22) (23) (24) (25) . By way of simply releasing fluoride ions, these resources can, temporarily, protect teeth from WSLs, but they cannot guarantee long-term defence from caries, nor can they stimulate remineralization when demineralization has occurred (19, 26) .
The investigation of WSLs may depend on different methods such as clinical or visual inspection, photographic images, or may be performed with some devices such as DIAGNOdent and Quantitative Light-induced Fluorescent (QLF) devices. For in vitro studies, few methods can also be used such as scanning electron microscope muCT scans (27) .
The current non-inferiority randomized controlled clinical trial, evaluated fluoride-releasing resin (in vivo), to assess its ability to prevent demineralization and WSL formation during orthodontic treatment with fixed appliances, by using visual inspection, a DIAGNOdent Pen and photographic images.
Methods

Trial design and any changes after trial commencement
This was a two-arm split-mouth, randomized, active-controlled trial with a 1:1 allocation ratio.
Participants, eligibility criteria and setting
Consecutive patients were recruited at the orthodontic department from 4 January 2014 to 30 April 2014. Patients were eligible if they had a Class I malocclusion in the permanent dentition, with full eruption of posterior teeth. Patients were excluded if they had poor adequate oral hygiene and any of the following characteristics: missing teeth, active caries; enamel demineralization; fluorosis staining, heavy restorations; periodontal diseases, abnormal oral conditions; craniofacial syndromes; clefts; and general diseases (such as cardiac pacemakers or mouth drying). Patients were also excluded if they had previous orthodontic treatment or extractions, bleaching or topical fluoridation, severe crowding >6 mm, severely rotated teeth (limiting the appearance of buccal surfaces), poor dental health precluding comprehensive orthodontic treatment with fixed appliances, or if they were smokers. If the patient was eligible, we explained the study and invited them to participate, after which we obtained their informed consent before finalizing their recruitment.
Interventions
Before their orthodontic treatment, all patients attended a specialized scaling, debridement (and polishing appointment), and received oral hygiene instructions. All patients were given a medium tooth brush, an interdental brush and toothpaste (not containing fluoride). Patients practiced a high level of oral care for two weeks, during which time they were examined for oral hygiene, and their plaque gingivitis index. The patients were divided into two groups in accordance with the half-split mouth technique. The first group was the control; upon whom brackets were fixed with non-fluoridecontaining adhesive resin (Transbond XT™, 3M Unitek, USA). The second group was the intervention group; brackets were fixed with fluoride-containing adhesive resin (Light Bond™). All patients were treated by one orthodontist using the MBT™ prescription (Victory, 3M, USA) 0.022" prescription (maxillary and mandibular preadjusted edgewise fixed appliances), with a standardized archwire sequence. The archwires were ligated to the brackets with stainless steel ligature 0.010", to minimize plaque accumulation related to elastomeric rings. Before bonding took place, teeth were cleaned with a pumice stone and a brush, attached to a low-speed micromotor hand-piece.
A blind, split-mouth study was carried out. The resins' tubes were labelled 'A' and 'B'. The patients were randomly assigned using a computer-generated random number table to one of the two intervention groups (two types according to the applied resin), using consecutive, opaque, sealed envelopes that included the randomization sequence. This was generated by an assistant (who was not involved in the study) and comprised the following: type I (resin A was applied in quadrants 1 and 3, and resin B was applied in quadrants 2 and 4); and type II (resin A was applied in quadrants 2 and 4, and resin B was applied in quadrants 1 and 3). In half of the sample patients the resin Light Bond™ adhesive was used in quadrants 1 and 3, while the Transbond XT™ adhesive was used in quadrants 2 and 4. In the other half of the sample patients, the treatments were reversed. Opposing quadrants were selected in order to reduce any bias that may occur due to handedness, which can affect the regularity of cleaning accuracy.
The condition of the patients' teeth was followed for twelve months, during which time they were checked every three months. During checkups, the degree of enamel mineralization of all teeth was detected by visual inspection, and measured with a DIAGNOdent Pen 2190 (KaVo, Biberachan der Riss, Germany). Readings of between 0 and 13 indicated healthy enamel, between 14 and 20 suggested initial demineralization, between 21 and 29 meant considerable demineralization, and greater than 30 indicated dental caries (these values correspond to a degree of visual inspection: 0, 1, 2 and 3, respectively). Furthermore, after cleaning and drying the teeth, the KaVo DIAGNOdent laser was calibrated for each patient (according to the manufacturer's instructions) and readings were set at four buccal positions on the enamel (gingival, occlusal, mesial and distal), as recommended by Banks and Richmond (28) . Zero values were documented in the patients' records. After bonding the brackets, in follow-up visits, the mineralization of surface enamel was measured within about 1mm distance around the bracket. The laser was recalibrated after every 10 teeth measured. The measurements above were taken every three months from the onset of the twelve months of treatment.
For photographic images measurements, periodic and repeatable photographic images were captured by a digital camera under standardized conditions (Nikon D80 (used on manual mode): 60-mm lens; magnification ratio 2:1). The images were captured perpendicular to the vestibular surfaces of teeth and saved to computer as JPEGs. They were then examined for the following characteristics: frequencies (evaluation of frequency of WSLs formed on tooth surfaces); area of WSLs (after 1 year of treatment these were detected and calculated, using AutoCAD: Autodesk 2013 software, by an external and blinded assessor); and examination of WSL area, using AutoCAD (WSLs areas were calculated related to the total buccal surface of the teeth, using Polyline icon, the program then calculates the square of WSLs: WSL Square = WSL area / total buccal surface area × 100).
Outcomes, stopping guidelines and changes after trials' commencement
The primary outcome measure in this study was the formation of WSLs evaluated by visual inspection. The secondary outcomes were the degree of demineralization in DIAGNOdent examinations, frequencies of WSLs detected on digital photographic images, and area of WSLs on photographic images after one year of treatment. No interim analyses were planned, and no outcome changes or stopping guidelines were experienced.
Sample size calculation
The sample size was calculated using G*Power 3.1.3 statistical software, with proportional two independent groups (α = 0.05 and power of 80%). Our calculations assumed 2.25 odds ratio (40% proportions of WSLs in control group and 60% proportions in intervention group) as described by Bailey et al. (29) ; this indicates that 100 teeth required per treatment group (assuming teeth are independent). After accounting for clustering of lesions within patients, it was estimated that 280 teeth (28 patients) were needed in each group, considering the number of teeth is being inflated by the clustering design of 2.8 (29) . To account for an expected dropout rate of approximately 20%, we required 34 patients per treatment group.
Blinding
The blinding of patients, outcome assessor and therapist were achieved throughout the trials. To help with maintaining blinding, both the control and study resin' tubes were covered with opaque black tape (by an external person), in this way, no connection could be made between the tubes and the types of bonding. Furthermore, blinding of the data analysist was achieved by labelling treatment groups as 'group 1' and 'group 2', without providing further details about nature of the intervention in each intervention group.
Statistical analysis
All measurements from the digital images, visual inspections and the DIAGNOdent examinations, were logged and run through the Statistical Package for Social Sciences (SPSS; IBM, Armonk, NY) and the Statistical Analysis System (SAS; SAS Institute Inc.) version 9.2. Intraclass correlation coefficient tests were used to detect the measurement accuracy of first and second records on the digital images, with the 1-month distance between two records. The effect of the intervention was tested in SAS; odds ratios (OR) were computed using mixed modelling technique, with intervention as a fixed effect and patient as a random effect, to compensate for the clustered nature of the data (WSL frequencies on photographic images, and degree of WSLs in visual inspections and DIGNOdent exams). Also, a simultaneous analysis of all time points was conducted including intervention, time, and interaction effects into the model (as fixed effects) with patient as a random effect. An independent sample t-test was used to compare the areas of WSLs on digital images. Odds ratios with 95% confidence intervals (CI) were reported, and level of significance was set at P < 0.05.
Results
Patient flow and baseline data
The study sample consisted of 34 patients, though four patients dropped out during the two-week phase of the oral hygiene evaluation (before the start of the trial), due to having poor oral hygiene. The remaining sample size was one of 30 patients (13 males, 17 females), aged between 13 and 25 years-old, with a mean age of 17.6 ± 3.55. Collectively, the patients had 600 teeth, between the second premolars on each side. The flow of patients in the study is displayed in Figure 1 .
Visual inspection
Results of the mixed modelling analyses showed that there was no effect of the adhesive type on degree of WSLs formation by visual inspection (OR 0.79; 95% CI 0.52, 1.21), and no presence of interaction between time and treatment group (P = 0.17) (see Table 1 ). The odds ratio was not statistically significant at all follow-up periods (see Table 2 ): the third month (OR 0.66; 95% CI 0.43, 1.02), the sixth month (OR 1.08; 95% CI 0.78, 1.50), the ninth month (OR 1.15; 95% CI 0.87, 1.52) and the twelfth month (OR 1.07; 95% CI 0.82, 1.39).
DIAGNOdent measurements
The results showed that there was no effect of the adhesive type on the degree of demineralization of enamel measured by DIAGNOdent pen (OR 0.68; 95% CI 0.43, 1.06), and no presence of interaction between time and treatment group (P = 0.09) (see Table 1 ). The odds ratio was not statistically significant in any of the follow-up periods (see Table 3 ): the third month (OR 0.68; 95% CI 0.43, 1.07), the sixth month (OR 0.85; 95% CI 0.59, 1.22), the ninth month (OR 1.10; 95% CI 0.83, 1.45) and the twelfth month (OR 1.05; 95% CI 0.81, 1.37).
Photographic images measurements
The results showed that there was a high correlation between first and second assessment of WSLs areas on photographic images (intraclass coefficient correlation, 0.998; P ≤ 0.001). Accordingly, only one assessment was considered for the analysis. For 'frequencies', the count of affected teeth had increased in both groups during treatment with no significant difference between the two groups (OR 0.72; 0.46, 1.11) (see Tables 1 and 4 ). The odds ratio was only statistically significant at the third month (OR 0.62; 95% CI 0.39, 0.98).
For 'area of WSLs', the mean area of formed WSLs was 1.87 ± 1.71 in the control group, compared to 1.56 ± 1.51 in the study group (after 1 year of treatment), and without a significant difference between groups according to the independent t-test (see Table 5 ).
Harms
Other than the WSLs formation, no serious harm to the teeth and gingival tissue was observed during the trial.
Discussion
Since the appearance of WSLs at the end of orthodontic treatment is an aesthetics issue, the application of new, non-compliance preventive materials or methods, is considered necessary to resolve this problem. In our study, Light Bond™ resin was used as a preventive material, with Transbond XT™ resin being used as the control. The study design was a blinded randomized control trial, where none of the patients, the operator or the assessor of the WSLs during followups, had knowledge of which material was used as a bonding adhesive (whether the resin contained fluoride or not). Furthermore, the interventions were applied according to half-split mouth technique, in order to minimize the risk of confounding factors, such as the naturally predominant side of patients brushing habits and the differences between patients related to food regime and preferred chewing side (aside from the difference pertaining to when patients used a non-fluoride-containing tooth paste, and when they did not use fluoride mouthwash during follow-up periods), to detect the effect of the adhesive itself.
While no significant differences were found after 3, 6, 9 and 12 months of treatment, WSL frequencies increased during the treatment, in both groups that used the fluoride and non-fluoride-containing adhesive. There were no significant differences in frequencies or demineralization degrees between the fluoride and non-fluoride resins, during the follow-ups periods of treatment, however, in either the visual inspections or the DIAGNOdent examinations. Results of evaluating photographic images showed that the frequency of affected teeth with WSLs had increased from 18/7 teeth at the third month, to 46/51 teeth at the twelfth month, in the control and intervention groups, respectively. There was a significant difference for the third month in frequencies, probably due to the weak and short-lasting preventive effect of fluoride-containing resin composite, which did not last more than three months in our study. On the other hand, the area of WSLs after 1 year of treatment was similar in both groups, with no significant difference detected between the groups. The potential explanations for the non-significant preventive effect of the fluoride-containing resin, include the following factors: a small amount of adhesive was used to bond the bracket, (not of adequate quantity to contain enough fluoride ions), the hydrophobic condition of resin composite; which does not allow for the interactions between saliva and resin to occur; and the light curing mode of resin composite, which shortens the ability to release fluoride ions. Table 1 . Simultaneous analysis of all time points including intervention, time, and interaction effects into the model (as fixed effects) with patient as a random effect. Ratio is 3M to Reliance.
Odds ratio* for treatment effect (95% CI) The maintenance of a constant low-dose source of fluoride ions, has been identified to have a cariostatic influence (26, 30) . To benefit from this effect, fluorides have been added to adhesive resins. Light Bond™ (Reliance Orthodontic Products, Itasca, IL, USA), a lightcuring resin with a high filler content, has the sufficient adhesive strength for bracket-bonding and is, consequently, appropriate for both the attachment of the brackets and the sealing at the enamel surfaces (31) . Visual inspection to detect WSLs is the most frequently employed method for this purpose, due to the simplicity of its submission and the convenience of the technique in different clinical and research facilities (32) . Concerning the development of caries, detection and quantification methods have led to the improvement of devices, which enable the measurement of the degree of caries lesions, and the screening of their occurrence (33) .
The frequency of WSLs in orthodontic treatment has been stated to be 38% and 46% after 6 months and 12 months, respectively, paralleled with 11% in the control group (34). Rosenbloom and Tinanoff (9) and Schlagenhauf et al. (35) found that fixed orthodontic appliances were related to considerably augmented concentrations of Streptococcus mutans pathogens at the end of treatment, compared with those present on commencement. Reduced oral hygiene can cause increased plaque accumulation around braces (36) , which can cause demineralization within a few weeks (37) .
The KaVo DIAGNOdent is a movable laser fluorescence device that releases light from a diode laser, and can discriminate between healthy and carious tooth surfaces and how these surfaces can absorb the fluorescent laser (38) . Published studies (39, 40) classified the interpretations from the DIAGNOdent device into categories, depending on the magnitude of the caries lesions for easier clarification. The validity and reproducibility of the DIAGNOdent devices, for revealing dental caries on different dental surfaces, have been examined and proven (40, 41) . The conventional DIAGNOdent and the DIAGNOdent Pen (DP; KaVo) exhibited excellent agreement in the quantification of caries (42) .
The in vitro studies findings signify that the Light Bond™ resin did not have the ability to release fluoride ions for more than one month. These results agree with those from a study by Banks et al. (43) , which compared a fluoride-releasing composite with a nonfluoride-releasing composite in 50 patients, using split-mouth mode for 25 months. In this study, no significant differences were found between groups. These further agreed with a study by Turner (44), which did not find any significant differences in WSL formation between fluoride-containing and non-fluoride-containing resins, by using the half split-mouth design in 22 patients, during 12-14 months of follow-up. Also, Mitchell's study (45) , which investigated the WSLs using both visual inspection and photographic images, did not find any preventive effect of fluoride-containing resin. The inability of fluoride-releasing composite to protect teeth from demineralization or WSL formation, might be a result of fluoride-release stopping after a short period following bonding, (after only 4 weeks in some studies). This may be explained by the light curing, hydrophobic properties of the resin composites, and the small amount of resin used to adhere the bracket onto the tooth, which, in turn, does not contain enough fluoride ions to release or to be recharged. Thus, this would make the mineral interactions limited, between saliva and the resin (46) (47) (48) (49) . While no significant differences were found after three, six, nine and twelve months of treatment, the results of these trials disagreed with studies by Santos et al. and Naoum et al. (50, 51) . These latter studies reported the possibility of fluoridecontaining composite releasing fluoride ions in vitro, 'after' 1 month. These same studies also reported the possibility of the adhesives being recharged with fluoride ions by various methods, such as fluoride gels, fluoride varnish or fluoride rinses. The findings in the current study reported in this paper, disagreed with the in vivo study by Eissaa et al. (52) , which recommended the use of fluoride-containing resin composite in poor-hygiene patients, after they followed-up for two months only. Further, our study's findings agreed with clinical studies (45, 53) , which used photographic images to compare fluoride-containing resins with non-fluoride-containing resins, and found no differences between groups. On the other hand, the area of WSLs, after 1 year of treatment, was close in both groups, and there was no significant difference between the intervention and control group.
The use of preventive materials or methods will raise oral hygiene level and protect dental tissues from decalcifications or caries. This will further improve the aesthetic state of patients. Therefore, exploring and investigating the potential of such new materials or methods, must be a focus of future research. The study did not detect any differences between both treatments, and its findings do not provide evidence to suggest that using fluoride-containing resin composite during dental treatment is advantageous, concerning preventing demineralization and WSLs. However, our trial had some limitations. First, the study did not evaluate any means of fluoride recharging. Furthermore, the lens used in our study was 60 mm in length; the 105 mm length lens is a better lens use in such trials for intraoral imaging with, however, this was not available during this study. Also, we assumed an OR of 2.25 at the stage of sample size calculation, which could be oversized for between-group differences; future randomized trials should consider having a smaller OR (when calculating sample size) and including a larger sample size. Finally, the generalizability of our findings might be limited because this trial was a single-centre trial, and treatment was carried out by one orthodontist.
Conclusions
Fluoride-containing resin adhesive, as examined in this trial, did not seem to have the desired preventive effect to protect teeth, during orthodontic treatment with fixed appliances. As such, it could not guarantee the prevention of demineralization and the appearance of WSLs during the orthodontic treatment itself. Further research is required in order to improve the composition of resins, to increase their ability to release fluoride ions over a longer period of time.
